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ABSTRACT

The akility to converse effectively with techaicians has
been recognized as a critical skill <£for managers of data
processing activities. This need has been addressed by the
Association fecr Computing Machinery in taeir recommended
curricula fcr the educaticn of Informa*ion Systems special-
ists. Meabers of +he Association have also described *he
functions c¢£ a graduate of those curricula to be that of a
boundary spanner and a change agent. Other authors have
identified that these skills need to be gained in practical
envircnments, and that the manager needs to know at least a
minimua cf the technical language in crder to s=2lect gecod
techniciars fer his staff, and to communica*e with +ha*
staff eoffectively. At the Naval Postgraduate School a
course of irstruction in technical aspects of the computer
was designed into a newly construc%ed aicrocoamputer labora-
tory. This ttkesis is ttre report of the eavolution of tha+
labora*ory and ccurse of instruction.
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I. INTRODUCTICN TO IHE LABORATORY

A. BATIONALE FOR THE LABOEATORY

In 1972 Oliver Wight identified a problem for executives
vho knew too little about how computers work.

"What a great job the technicians have done in creating
a ccmpu*ér "mystique.™...the computer technicians have
sold {the executivé} a till of goods *hat he must under-
stand hcw the computer works... But what h2 really
needs _t¢ know about how the computer works is  ver

liwited indeed, and when technicians create a "mzst;que

aTcund the machine--a barrier fcr the manager--they not
only make hin dependent upon them, but %héy also Seri-
ously impair his ability *o make Intelligent decisions
abcut the use c¢f the cosfuter. " [Ref.

Wight's warning was that <+he executive should not =Iy tc
become a technician himself, but +%hat he needs to know
enough about what the computer system could dc and how itz
does it tc make scund managerial decisions. This requires
som2 knowledge of the technical jargon used by specialists,
but cpct a full technical ccmpetency. At a pirimum, he musz
be atle to overccme the mystigque of the computer and under-
stand it as a management ¢col.

Cespite this warning that the execu*ive amust 5ot be
surrcunded Lty computer mystique, the curcent state of
affairs is such that many +%op executives are 2ot always
fully able tc¢ peretrats that mystique and make those intel-
ligent decisions. In a recent article Debra Zahay indica<ted
that many tvsinesses which are hiring graduates with Masters
in Businass Administraticn degrees are using theam in data
processing furncticans, principally to improve communication
between technical and non-techrnical staff. This is a resul:
of the "shertage cf programme:s and technical people who can
communicate with nontechnical staff." [Ref. 2]

1-,, - 5.




Cbviously, the inability of the executive to communicat=2
effectively vith the *echrical staff in tha2 compu:er operz-
tions arca is an area of growing concern to :top managément
executivas. In cne of the latest teoxtbooks on management cf
information systems the author statas

"The, ccmplexities of developing IS {infcrmation
servicas} systems has fcrced the creation of specialized
departments ' resultirng in a _series of strained relation-
ships with +he users of their service. ., « .« IS has
specialized in_ order to hacmess the various necessary
technical skills to get the cb done. The specialists
have approprlatelg deavelcped their own language systems.
They speak c¢f bits, bytes pos, CiCs, _an sO on *to
communicate among eac ofher. General management,
however, has a quite different language, featuring words
such as sales growth, return on invesiment, and produc-
tivity." [Ref. 3]

The writers of that statement do not argue that the
language created by the techniciars is to blame for the fact
tha* communication is poor between %2chnicians and managers.
They <term the language systems that have been develcped
wappropriate." The fault for the lack of communicaticm lies
partly with managers who cannot understand the most basic
vocatulary of ccmputers and partly with technicians who
cannct understand the most basic vocabulacy of management.
The education of business administrators in basic technical
vocaktulary can be addressed by assigning MBAs to jcbs in the
management of data processing oferations as an a=ntry-level
position, tut as Zahay poiats out, "{This practice} is ofte:
a stcpgap scluticn to the problem of communication between
functional areas and systeas staff." [Ref. 4] It is
apparent that there is a problem of poor comamunication
between the ncr~-EDP business manager and the compu*ter scien-
+ist and programmer.

The Association for Ccmputing Machinery views the rols
of the informaticn systems specialist as a bridge between
these twvo diverse areas. One educator in IS said, "The




information system designer {and} displamenter is a bouadaz

spanpnéer and a chargqe agent. Therefore, the organizaticnal
knowledge shculd iaclude «n understarnding of the :{pical
problems encountered by boundary spanners and change agen=s
and the ccmmcn ccncerts, strategies and tools <Teguized of
the individuals enacting such roles.” (Ref. S]] Ia order for
the manager t¢ act as this boundary spanner, he must have a
working kncwledge of the areas he is to span. In fac*t, th2
ACM delinea*tcs the graduate of the recommended IS curriculum
thusly:

"1. The Informatior SX=tems curriculum t=2aches informa-
ticn systepr concep%ts a a processes with the two_ contexts
of organizaticpnal functicns angd management knowledge aad
technical informa+ion systems knowvwledge...

2, The Infcrmation Systems graduate is expected to _wcrk
vithin <the environment of] an _orgapization and <o
interact with ktcth crganizational functions and computer
technology.

3. . In_techpical -expertise the Informazicn  Systems
curriculum places sgbstantlai emphasis cn the ability =c
develor an infcrmation system structure ror an,organzza-

¢ien and to design and implement applications."
[Ref. 6

This is not to imply that the technical exper:t nsed no%t te
mipdful of the need to communicate wi<h non-technical staff.
Indeed, <+he need for the technicians to bz able o communi-
cate with 1lay persons has already Lteen <clearly 3identified
{Ref. 7]. However, the training of techniciars to communi-
cate with the lay individual does no* reliave management of
*he respornsikility of having some basic skiil in “he tech-
nical area, if only in the terminoclogy. This *raining obvi-
ously need nc%t ke so technical as tha% of <+he2 technician,
but should bte deep enough <tha*t “he manager may reascnably
communicate with the technician and be abls to evaluate and
hire a technically competant staff [Ref. 8]. Ideally this
training shculd be consistant between information systenm
specialists, ct problems will wundoubtediy develop both

10




within and without the organization as the <ranslatozs neeé
somacne %0 translate Etetween them as well.

In the curriculum description for the Graduate Educa+ion
program the ACM called for "... knowledge of basic hardwa:ce
fand) software components of computer systems, and their
patterns of confiquratiorn [Ref. 9)]. In the descziption of
*+he recommended course ccatent, <+he ACM further specified
"Processer, megory, input/cutput, mass storage, remote trar-
smission mcdules; function and pcssible zealiza*ion of each"
were *to be the subjects ¢f +*he Computer Systems course of
the curriculum [Ref. 10]. Additionally, +he ACHM prcvided
this raticnale for the inclusion of a coursz in compu+er
concepts in tte curriculusm, "I- is impcrtant for the student
+0 pcssess a troad familiarity with fundamental concepts and
“ermirology asscciated with computer hardware systems and
operating systems." (Ref. 11]

The desize tc enable the information syszem manager to
be ccnversant with the technical lanquage as well as the
financial language creates some unique problems for the
schocls which cffer ar information systems curriculum. At
the Naval Fostgraduate School, for instance, the students
have a varie«y of 2ducaticnal backgrounds, raanging from <he
more technical degrees in computer science, physics, engi-
n2ering, etc., to the liberal arts degress in such diverse
majors as gsychology, English, etc. Scme of the s*udents
have highly skilled financial backgrounds, including a few
with MBAs and many from tke Supply Corps. Soms have a wide
experience in working with computers on a2 daily basis as a
rasult of previous tours cf duty in data processing centers
of various sizes. The challenge fcr the curriculum managers
is tc provide sufficient course work in bo:th +he financial
and managerial arenas as well as the +echnical infcrmaticn
on the functicning c¢f ccmputers to provide the graduates
with a*+ least the minimum skills callsd for by the ACH

1




curriculum guidelines. This challenge is made more diffi-
cult by the requirement that <the student officecs be
returned tc acn-scholastic duty as soon as possible. The
standard ccurse of instruction, then, must have the requi-
site coursework, but 2at such a level that the somewhat exgpe-
rienced student has a challenge and the novice is not left
behind.

At the Naval Postgraduate School the =raditiomnal
apprcach of classroom lectures has been used to provide the
courses which ccver the hardware and operating systems.
Only one of the courses rormally in the Computer Systems
Management curriculum has a <“echnical laboratory associated
with it: cs 2810, which 4is an elementary structured
programming course in which PASCAL is taught or an IBH 3033
as an adjunct to the structured programming concep s
[Ref. 12]. Ncne of the reqyired courses has any practical
exposure tc the subject hardware or software, although scme
do offer expcsure to development of software as a product of
a design program. The school does offer courses in other
curricula that can provide the information systems student
with <his technical background. Due %o scheduling
conflicts, hcwever, it is not always practical for every
information systeas student who wishes <o irclude these
courses in his studies tc be able to do so.! Ia a similar
circumstance, where hardware concepts are taught in the

1The curri¢ulum  presently allows the "t pical" student
four quarters i1n which he may take ome _electilve couzse per
quartez, and that elective must _normally come _from one_of
Several gredetetnined subsets of course offerings called
mphasis Areas (Ed). This system is driven somewvhat by the
military nature cf the schcol, in that the various warfare
sponsors of the curriculun gaye education needs which shoyld
be met as well as the traditional academic ra2quirements for
a Masters Degree in Informatiorn  Systems. If a student
wishes to také a course ovtside the ncrmal sequence for his
EA, it must be takan as an overload, or as a replacement for
a coyrse in which the s*udent can receive validation for
revious study or experience, Validation is carefully moni-
tored to maiptain academic integrity, aad the more usual
circuamstange that the student” musSt overload to move lato
non-traditicnal ccurses,

12
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classroom ky lecture, Ccok described the computer scispce
curriculum at Central Michigan University as having "A major
failing...the absence of a digital 1logic laboratory for the
course. The design prctlems and the operation of the
Arithmetic/Logic Unit and control unit could be made much
nore undarstandable to the student if such a laboratory were
available." [Ref. 13] I+ is therefore 1logical to decide
that the implementaticn of a hands-on laboratory for logical
device training would be cf major benefit to the studen<s in
an informaticn science curriculunm.

Be ESTABLISHNENT OF THE LABORATORY

In 1980 it was decided that the Administrative Science
Department, the department of the Naval Postgraduate School
responsible fcr administering the degree of Master of
Science in Irformation Systéms, would install a microconm-
puter laboratory for the students and faculty of the schecl
to use fcr research. The opportuaity was seen to incorpo-
rate into this laboratory a course of instruction in the
technical area that the faculty could use to supplement the
classroom work and that +the student could use to explore
furtter +the tecktnical aspects of computing and computing
equipment. In addition the laboratory would provide the
student with the cpportunity to work with microcomputers arnd
desk-top <computers. The laboratory would also suppcr:
+hesis work Lty students as well as the faculty rssearch
taking place at the school.

The labcratory was envisaged as spanning the technolo-
gical levels from the simplest logic circui“+s to the mcst
complex microccaruting system and 1local natworks with peri-
pheral I/0 and “elecowmmunication aquipmant. The laboratory
was +*c have a ccherent ccurse of instruction to assist the
student in learning as much as he wished on each of the

13
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technological levels. In addition, it was plaaned to incor-
porate sufficient equipment that ultimately <the labozatory
could be used to simulata the functioning of a full comguter
center and thus be used as a teaching aid in the course for
computer center operations.

It was decided to supplemert the users manuals that canme
with the equigment of th2 laboratory with additional educa-
tional and +training materials, principally because <+he
general quality of users manuals provided with +*he systenms
vas foor. It appeared that those manuals were writter with
the assumpticn that the user was to be knowlegeable cf *he
subject area as a prerequisite to usiag the manual. The
overall intert cf the labcratory was that the novice student
would be akle to learn the technical language and operations
withcut having tc decipher an intensely technical journal oIl
instructions. Addi+<ionally, the laboratory was unique %o
the Naval Fcstgraduate Schcol, and few texts were availatle
for self-paced wcrk of this kind. Therefore, <+he decision
was made to crea+e the texts in-houss, using a team of

tudents tc produce them. The same team o text-writars was

also to manage the installation and construction of the
varicus computer systems that were to go in the laboratory.
This thesis is the report cf that development effort.

14
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IX. CCNSTRICTION OF THE EQUIRNENT AND THE ROON

A. EACKGRCUNL

The basic groundwork fcr the Laboratory was initiated in
1980 when Professor \N. Schneidawind proposed and had
apprcved the furdamental concept of a student and faculty
learning center. At that time the NPS computer center was
ins+talling a nev mainframe computaer and would r=aquire all
available room in Ingerscll Hall as remote terminal sites.
In September c¢cf 1982 the room originally chosen for the
instructional laboratory space was cleared of the terminals
and constructicn was started on the laboratory. The authcrs
vere intrcduced to the project during <the <twec months
preceding the construction phase and began by updating the
+wo year <c¢ld werk crequest that had initiated the actien.
The problems encountered and mistakes made during <the
constructicn phase will be discussed in this chapter.

B. EVOLUTICN OF THE LABOEATORY

During the development of the laboratory, the United
States Coast Guard offered to 1locate a multi~user microccm~
puter in <the labcratory. In the interest of obtaining a
system with higk ordsr 1languages and application prograas
installed, +ke Administrativa Sciences d2partmer* accepted
the offer. There was no delay in the development of the
laboratory as a result, hcwever a re-aligament of goals and
objectives was required of the authors in oxrder to accommo-
date the intrcduction of this additional system to the lako-~
ratory. The authors were directed by Professor Schneidewirpi
to plan the physical rplacement of the Coast Guard systea in
the front rcom of the tvwo room labora<ory. On 19 November

15
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the Ccast Guard system was moved into the lab and placsé in
operation. Of the original 8 work stations present in tae
front room, all but tvo were taken by the system, leaving
little space for other types of equipment.

The first piece of equipment received for the laboratory
was the 1Intel Prcempt-80 microprocessor design and ¢raining
device. One of the authors was assigned the tasks of
reviewing all the documentation accompanying +the Prompt-80
and developing a user manual that would allow 2a computer
novice to begin self-paced education at tha machire language
level.

The next equipment received was the Heathkit Digital
Logic Trainer (in an unassembled kit form). The assignment
for cne of the authors vas to assemble the kit and prepare a
user manual that would allow 2 computer novice <to educa*e
himself on the digital electronics level of ccmpu+ers. The
same authcr received the Heathkit Digital Techniques self-
instruction ccurse for review and evaluation.

The third author was assigned the tasks of ceviewing a
series c¢f pre-recorded cassette tapes prepared by SYBEX,
Inc, as a tutorial on micrccomputers, interfacirg “echniques
and ccmputer architecture, and preparing a synopsis on each
tape selectcd for the labcratory.

The abcve mentioned prcjects were parformed in parallel
with the construction of the rcom which begar in August,
1982. By 21 October <tbe tutorial on <he Prompt-80 was
nearing completion, and ky 6 November ths Heathkist Digital
Logic Trainer was assemtled and tested. The Promp=-80
manual was submitted tc¢ Professor Schneidewind on 1
November fcr examina*ion and recoammendations. The tutorial
for the Heathkit Digital legic Trainer was submitted or 25
November and ty 29 November the Heathkit Digital Tschniques
self instructional course had been “horoughly reviewed and
was returned tc Professor Schne idewiad. The pre- recorded

16
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cassette tapes were reviewed and the synopsis prepared foc
the laboratory by 15 Decenter 1982.

2 second round of equipment consiruction was begun at
the end of December with the assembly of a Heathkit H-9
videc terminal. A Heathkit H-25 4ot matrix printer and H%-89
computer with B-17 external disk drives followed in January.

This work was completed by one of the authors, and he began
writing intrcductory tutorials for these additional pieces
of equipment. Another of the authors was assigned the <ask
of writing a user's manual for the Intel SDK-85 microcom-
puter experimentation device. The third aucthor began assen-
bling a series cf digital electronics =xperiments that could
be performed cn the Heathkit Digital Logic Trainer or tha

E & L Instruments, Inc. “Ligi Designer" device.

By 28 Pebruvary all ccanstruction and preliminary writiag
vas ccmpletad. The authors then began compilaticn of infcr-
maticn and data required tc include in this thesis.

It shculd be mentioned at this time <that during the
academic quarter from January to darch, 1983, the frort rcom
of the labcratcry was opened for student use, with the Coast
Guard multi-user system and three mod2m s3quipped termirals
installed to perait access to the ARPANET £for the course on
telecommunications.

A brief sumsarizaticn of events and cumulative <ime
required fcr each is listed as figure 2.1. The time summary
for the tutorial preparaticn is included in a later chapter.

C. [CESIGE ARD CCNSTRUCTICN CONSIDERATIONS

One prime ccnsidaration in the devalopment of <he lako-
ratory was to present a friendly, well defined setting for
anyone interested 4in 1learning abou:t amicrocomputers and
digital electronics. The importance of a friendly user atac-
sphere cannot be over emphasized, particularly sinc2 most
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EVENT | MANHOURS
Collecting compcnents

fcr experinents 58
Interfacing equigment 38
Flanning, gaperuork and,

discussicns with advisors 49
Monitoring ¢f ccnstruction

Erogress 27
Total 142 hrs.

Figure 2.1 MANBOUR ALLOCATION.

people facing unfamiliar equipment feel a2 certain level of
apprehensicn. With this gecal in mind, the authors planned
for equipment that would provide a logical learning corn%in-
uity from the digital electronics 1level +to higher 1level
lanquages and application programs.

At the outset of the project, <the Naval Postgraduactsa
Schocl already cwned some of the? equipment to be used, a
Heathkit H-8 computer, Heathk it H~9 terminal, an 1Intel
Promgt-80, and an Intel SDK-85 systam design kis¢, The
authers requested that additional computer equipment b2
logically related to this inventory. As a result a Heathkis
H-89 computer and 2xternal disk drives verz ordered for the
laboratory. This chcice provided <the 1laboratory with a
contiguous line cf equipment “hat was from the same family
of certral prccessor units.

The sequence 3f events during the construction of the
laboratory and the equipsent could have, at times, been
described as fraught wvith problenms. This report should
assist the reader :n developing and building an instruc-
tional laboratcry by presenting some of the pitfalls encoun-
tered and ccnsiderations necessary for a successful
installatica.

18
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The follcwing secticns will highlight those i*ems <cha+
require planning and decisions based on the desired use of
the 1laboratory.

1. Eguirpent and Software

Although it would appear that equipment and software
selection would contain the bulk of decisions conceraiag a
project of this type, that is not necessarily the case. The
choice of software is, of course, very significant if a
particular application is important to the use of the lab.
Care should be taken to select softwate and hardware that
meets all projected needs, is relatively =sasy to learn and
use, and is pcpular tc the extent that it has a good history
of use and maintenance.

~

2. PRbysical laygcut of Room

In the design of a computer laboratory, there are
some specific consideraticns concerning the physical layout
of the rocm. In a laboratory 1like the one at the Naval
Postgraduate School, it will be necessary to allocate space
for computer wecrkstations, peripheral devices such as prin-
ters and disk drives, labcratory equipmant such as meters
and cscillesccpes, digital training devices, and associated
documentation. Sufficient storage space for unused equipment
should alsc te provided. If the laboratory is supposed to
support several courses, as it does at NPS, there will be
di fferent equipment required at different tiames, so large
storage cakinets should be included in the lab. The counter
tops for <the werk staticns should be desigzed to nmake
saximum use of available wall space. When laying out the
flcor plan, it is important to remember that psopls need leg
room and elbcw room . A collision may occur if there are
adjacent werk stations located around an inside corner.

19
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One cf the @wost difficult decisions will be +he
placement cf shared devices such as printers and plo“tars.
The work staticns wutilizing these devices will need a
reascnable path for the connecting cables. Ano-her factor
for consideration is the expected +traffic flow and pcssible
interference tetween docrs, counters, and equipment.

3. cocling, Heating, and VYentilation

The ztccm will ccntain electronic equipment, and
therefore adeguate heating, cooling, and ventilation should
be provided. Fach computer by itself will generate only a
small amocunt ¢f heat, but in the aggregats a rocom full of
equipment may become warm encugh <to cause damage to the
devices. Cne c¢f the largest scurces cf heat will be the
number of fpeople in the rccm. Twaenty pecple in a small rcom
will have a definite effect on the rocom <temperature.
Generally speaking, computers function better im a cooler
envircnment with low humidity. The trade-cff to be consid-
ered is that fpecple may nct use the lab if +hey are unccm-
fortakly ccld. The best scurce o¢f required temperature and
hamidity levels is the manufacturer's literature.

4. Elgctrical Powver Requirements

Most digital electronic equipment contains an
internal pcwer supply and is design2d4 tc be plugged intc 2
standard 110-120 volt three pronged (grounded) cutlet. For a
laboratory, at least twc cutl2ts per work staticn should be
installed. Some computers provide auxiliary outlets tc power
peripberal devices, tut not all can supply the heavy power
requirements cf high current devices such as printers. The
cutlets should be located in a convenient lccation, keeping
in mind that mcst power cords extend from the rear of the
device. Ancther consideration for electrical power is that
computers ars sensitive tc voltage spikes ard fluctuaticns
that cccur cn a random tut frequent interval. There are
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filters availatle +o supgress voltage spikes and conszarnt
voltage transformers or uninteruptable power supplies ¢
protect against fluctuaticus.

5. WHozk Statiop Begujrements

Each werkstation shculd have enough room for a CRT
display, a keyktcard, a computer, and a printer ¢r space for
a modem and telephone. Since it may be umrealistic to fully
equip all staticns, the temptation may be *o reduce the
workstation space allocation in an attempt to save room. If
the work staticns spaces are too small to move things
around, a serious degradation cf flexibili*y can occur.

6. Cleanipg

A small but significant problem of a ccmputer lako-
ratcry deals with toutiae cleaning. Mathods should b2
provided tc adequately remcve waste paper and trash from the
lak. If the tccn is normally locked, an arrangemeat with the
cleaning service will have +¢c be made. Special c¢learing
solvents ard equipment are needed for CRT screens, computaT
cases, and rperipheral devices. Disk drives and other equip-
ment are extrenely sensitive to smoke and dirt. It would be
a good idea to provide a whiteboard and fe21lt <tip markers
instead 2f a standard chalk board. No smoking signs shculd
be prominently displayed. Cleaning instruc+ions are norazally
included with each piece cf equipment.

7. Segurity

Security of a ccmputer laboratory £falls into <+wo
catagories. First, considerations must be made concecning
the physical security of the equipment and sofsware ir the
room. The NPS Instructicnal 1laboratory is protected with
cipher locks cn the doors and keyed 1locks on <the storage
cabinets. The ccabinations for the cipher locks are released
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only to perscns who read and sign a non-disclosure state-
ment. Seccndly, the software disks for proprietary software
are issued 3in a similar manner, with an agreemant not tc
copy proprierzary software keing signed prior to issuance.

D. BEBARKXS

The seven tcpics discussed above wera all significan+t
coasiderations in the development of the NPS Instructional
laboratory. The list is by no means intend=d tc be a compre-
hensive indicatcr of all pcssible problems. The chapter on
lesscns learned will discuss several problems encountered by
+he authors in these areas.
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III. INSTROCTIONAL MATERIAL DESIGN AND TESTING

During the fcrmulation phase of the developm2nt of the
laboratory instructional wmaterials, several arzas c¢f consid-
eraticn were evaluated. It was determined that due to the
variety of equipment incorporated into the lab, uniformi+ty
in text style and instructional method should be a major
factor in the design of the instructional materials.

A. HETHOD

The ¢two instructional methodologies <considered for
implementation were Computer Aided Instructiorn (CAI), and
hard~copy, printed tutorials. The CAI method of ins4truc+ion
is primarily used for direct institutiocnal support. Typical
examples of CAI aze Trill and Practicse, Tutorials,
Simulation/Gaming, InguirysDialogue, Iaformation Retrisval,
and Problem Sclving [Ref. 14). CAI is accomplished
+«hrough intaractive computer tutorial sassions and thus
requir2s the availability and use of a computer system. This
requirsment, coupled with the goal of uniformi-zy in me+hod
aad style, 1lead to the decision to tilize hard-copy,
printed tutorials for all iastructional equipment used in
the laboratory. It was decided that printed tu<orcials would
provide greater access t¢ tha learning ma%erials and wouli
allow greater mcbility <f the tutorials for independent
study.

B. STILE

Rhen approgrojate for thes equipment type, <he primary
style used in designing the tutorials was an adaptation of
the "Prompt and Rasponse" styls [Ref. 15]. This <ype of
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instructicn is designed tc¢ prompt the raader %o respcend tc 2
stimulus presented in a frame type format. As adapted for
use in this 1labcratozy, the response is in <he form o< an
acticn taken Ly the reader, thus leading “he reader =thrcugh
the tutorials in a s+%ep-Lky-step manner. This ins<ructicnal
style provides tte reader with immediate feedback corcec-ning
the correctness o¢f the action takern. Additiorally, this
style allcws the reader tc skip lessors previously covered
or undesired, and to review any material covered which is
unclear.

C. TUTORIAL USBR'S NEEBDS

The first step 4in designing <+he =utorials was <o
consider the qualifications and background of the users of
the laboratory. Their abiljty level and background in elec-

ronics, mathematics, and computer syst2ms were evaluated so

as tc desiga iastructional materials best suited o the
users' needs and o suprlement educatrion received “hrough
other courses taken at thes Naval Postgraduate School.
Because the +tutorials wers being written primarily for grad-
ua e students the authors could assume a high level cf schc-
lastic and verbtal ability, relatively high motivation
(participation in this 1lak may be voluntary), ard varying
acquaintance with the terminology and «concepts of elec-
tronics, mattematics, lcgic design, and microcomputer
theory. ‘1There are no prerequisites for the nmaterial
presented in this lab. It was designed to be studied inde-
pendently or in conjuncticn with courses such as (Cs2810,
cs3010, C€s3030, €s3200, 152000, IS3100, IS4183, and others.
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D. TUTORIAL DRSCRIPTION

Before tte authours cculd begin work on the <+utorial
manuals, +they had to learn the equipment and its operations
sufficiently well to be able to teach it to others. This
task was made more difficult by the pcor manuals that accoa-
panied some of the equipwment. Having mastered +he equip-
ment, the authcrs then had to become proficient at the
creation ¢f programmed texts, and combine the machine skills
vith the writing skills. The final stage of the labor was
the actual creation of the tutoriais. A total of 3u0
manhcurs were spent on the research and preparation of the 7
tutorial sets for use on the laboratory equipment. A brief
descripticn of each tutorial set is listed below.

1. DDzl Digi-Designer

The Digi-Desiaoner tutorial contains a functional aad
physical descriptioa of the equipment and its use in the
design of lecgic circuits. Included in the tutorial are the
follcwing topics:

a. Binpary Mathematics

Th2 kasic ccncepts of binary addition, subtrac+ion, and
multiplicaticn is provided <for those rsaders who desire to
review this teric.

b. Lcgic Design

A review of the concepts cf logic dasign utilizing AND, OR,
XOR, and NAND ga*es is prcvided.

c. Karnaugh Maps

The use and techniques c¢f Karnaugh mapping as a tool for
reducing Ecolean eguations are discussed.
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d. latcratory Experiments

Several laboratery experiments are included to familiarize
the reader with the Digi-Cesigner and the physical concep<ts
of lcgic design.

2. Heathkit Digital lcgic Training Device

The tutcrial for the Heathkit Digital Logic Training
Device was written in the "Prompt and Response" style
discussed earlier and contains three sections. Par%t one cf
the tutorial is a functional and physical description of the
digital console. Part twc contains experimen<s designed to
demonstrate correct procedures fcr opera*ion of the digital
conscle. Part three contains experiments utilizing 1logic
ga tes. These experiments are designed to provide a basic
intrcducticn *o logic design concepts and digital 1lcgic
"breadboarding".

ta
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- Prcmrt 80

The tutcrial for the Prompt 80 computer is a
programm=2d text written in the "Prompt and Response" linzar
style for ease of use with the computer. Section one of the
manual contains a physical and functional description of the
Promg%t 80 console and perirheral ports. Section two provides
instructicn cn medifying the registers and memory and intro-
duces tha reader to the task of entering a machine language
pcogram intc the computer. In section three, this concept is
expanded ty shcwing the reader how to write a machine
language fprcgram wvhen given an algozithm. Section four
contains ins“ruction on the advanced functions of *he Prompt
80, reading and writing to a PROM, debuggiang aachine
language grograss, and scme advanced concepts in maachins
largquage programaing.
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4. SDK-83

The tutcrial for the SDK-85 was written in the
"prospt and Response™ style and contains three sections.
Part one 1is a general description of tae SDK-85 computer.
Part two ccntains a component~by-component functional
descripticn of the SDK-~-8S5. Part three contains assemtly
language samgle programs and explanations of the additioral
capaltilities provided by +the 8085 CPU in coamparison to the
8080 CPU used in the Prompt 80.

S. Sybex Self-study Iape Library

Three c¢curses frcm the Sybex tape 1library were
reviewed and selected for inclusior 3in the labecratory. The
courses selected were:

SE3 - Military Microprocessor Systeas
$SB5 - Bit Slice
SE7 - Microprocessor Interfacing Technigues

The manual for the tape 1library contains a descrip-
tion ¢f -he likrary system and, for each course, an outline
describing the ccurse goal, the topics, and the material
covered within +those topics. The brief synopsis of each
course allcws the reader tc review the material contained in
the courses and to determine +the applicability of +*he
courses o0 the reader's atilities and field of study.

6. Heathkit H-9 Tezmipal

The manual for the Heathki« H-9 <terminal explains
the effects of each of the control keys of the terminal and
describes the functioning cf the terminal. In addition, the
user is takenr through a "Prompt and Responsse" tutorial
demonstrating the procedure to utilize the H-9 (via a moden)
as a remote terminal fcr <he IBN 3033 ccmputer system
located at the NES W. R. Church Computer Center.
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7. Heathkit H=89 Miciccomputer

The manual for the Heathkit H-89 Microcompute:
explains the general cutline of the computer. It descrites
the steps necessary to boct the CP/M operating systen. It
also gives a very brief overview of the imbedded commards of
cpP/%, the utility fprograms that came with CP/M and <the
vorking of the function keys of CP/M as installed in the
H-89. No applications software is described in this amanual,
as that 4is left to the user <to learn. The manufacturer
manuals on the interfaces, monitors and other specific elec-
tronic issues are available for reference. The style of the
tutorial is traditional text.

E. TUTORIAL IRBSTING

The completed tutorials were tested by a nmember of the
faculty, @members of *he fproject design team, and selec*ted
"or-technical" students c¢f the Naval Postgraduate Scheol
The experience level of the avaluators ranged from readers
with 1little or no knowledge of amicrocoamputer systems <*o
those who were highly experienced in the concepts covered in
the laboratcry. During the tasting, weaknesses noted in the
tutorials were evaluated and the tutorials were modified for
imprcvement and re-evaluated. Both experienced and inexperi-
enced avaluatcrs wer2 able to complete the <4utorials witha
little difficulty. The inexperienced evaluators ware gsper-
ally impressed that the tutorials were not written in a
highly technical language, thus providing a bett2r concep-
tual understanding for them. It was judged by <hese evalua-
tors that <he 1laboratory could provide a useful and
worthwhile learning experience.
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F. TOTORIAL CCNSIDERATIONS

The authors found that one of the most difficult tasks
vas t0 insure that all the tutorials were consisternt for
style and format. With three authors and seven different
manuals it was not a ¢trivial task +to make them so. The
authcrs attempted to keef some consistency by proofreading
each other's work, using ccnferences to decide format policy
and through intense communications. This sharirg of the
iabor and talent mde it pcssible to achieve the consisterncy
demonstrated in the appendices.
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IV. LESSONS LEARNED FRON THE INSTALLATION

A. EFROBLEMN AREAS ENCCUNTEERED

In reviewing the original wcrk requests and discussing
the initial prefect with the sponsor, the authors disccvered
several items that had nct been originally considered in
those requests, as well as areas 4in which +technolcgical
changes had nsade the rlans obsolete. For example, the ccun-
tar+op height for the lakcratory as specified wvwas too high
for ccmfortakble typing for long periods. In addition, there
vas no provision made for storage of materials in the lakbo-
ratory, nor fcr securicy cf the more pilferable items of the
laboratory. The labcratory had beern 3esigned to be parti-
tioned intc *wc rcoms. lcckable cabinets and cipher liocks
on Loth the inner and cuter doors were alsc provided.
Althcugh this change was wade la*e in the da2velopment cycle,
and was made tc rlans that had been approved for two years,
+he Fublic Works Department was able to respond to the needs
and provide tte facility as desired. The division of the
roomr iatc <twe wrk areas complicated +the sizuation by
forcing a change in +he ventilation system of the area %o
provide exhaust and inflcw to both areas. Again, the
respcnse c¢f Puklic Works sas gratifying.

The enthusiastic restonse of Public Works <“o the
changing requirements was not entirely without pizfalls.
Some protlems developed in the actual sxecution of the
design c¢f the cabinets and ccuntertops. The authors were
able to ccrrect +the communications failures by perscpal
interventicn, and the ultimate product was most suitabls for
the purpose.
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In gensral, +he difficulties faced in <the production
ef fort of *¢le physical facility all stemmed from poor commu-
nication on the parts of both the <“ransmitting individual
and the receiving individval. In those areas where commupi-
cation was c¢lear and effective, no delays or errors wece
made. Once again, communications have prcver tc be critical
in program develcpment. Also, the authors appreciate +the
fact thano ccmplex project can be implamented without some
degree of uncertainty and ambiguity. That is, some aspects
aust ke learned by actually forging ahead, doing the werk
and obtaining experience. Hindsight then allows cne to
state how the grcject could bave been done "perfecctly".

B. PITPALIS TC EE AVOIDEL

It is dimpcssible to rigidly defins the areas 1ia which
any project will experience delays and failures, principally
because the ccnditiors in which the project is undertaken
vill be unigue. It is, however, possible to identify the
general areas in which clcse personal supervision will help
avoid some of the pitfalls and failures. In a most general
vay, <+he ccmmunicaticns mentioned above apply tc all of the
areas in which failures occur.

Communicaticns failures can occur between any of the
elements 0of +thke desion and production team: the design
supervisor, his workers, the supervisor of <the producizg
workers, and the actual technicial staff performing <he
physical wcrke. Failures at *he junction of design super-
visor and bhis wvcrkers leads %o mis-designad or inapprepri-
atly designed plans. Pailures at the junction of design arnd
production teams can 1lead to incorrectly followed plans c¢r
imprcgerly d-awn plans £cllowed <to the 1lastter. Failures
between producticn supervisors and their workers results in
imprcgerly installed facilities or delays in installaticn.
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t is not —rpossible tc overemphasize the need for accurate,
timely and clearly understood communicatioas betweer all
menbers of the team.

Another area of concern for +he designer of a similar
laboratory must be <tha ccmpatability of *h2 planned equip-
ment. In the NPS Instructional laboratory the original plan
was to use the Heathkit H-9 Terminal both with the H-8
computer and as an additicnal terminal for ARPANET and tkhe
IBM 3033 at NEBS. Unfortunately, the design of +the BH-9
tsrzinal makes tha*t impossible, in that the termimnal has no
capakility fcr 1lovwer case characters and if a lower case
ASCII code is received, the terminal displays a control
character in its place. This discrepancy was discovered
vhen the terminal was first used on the ARPANET, and has
made the terminal less attractive than it might otherwise
have been. Lesigners of laboratories similar to this cne
should carefully screen all hardware fer full compa%tability,
including the cbtaining <c¢f manuals ir advance, if tha< is
vhat is reguired to investigate fully “he capabilities and
limitaticns ¢f a machine.

32

gt L VR



V. PUTUBE PLANS POR THE LABORATORY

A. SUPPORT OF CCURSES AT THE SCHBOOL

There are twc areas of concern for the immediate future
of the instructional laboratory: the use of the laboratory
and the squipsent to be added to the laboratory. The first
issue =0 be discussed is the future use of <-he labecratorv.

+ is the intention of the school %o iacrease the usage
of the labcratory in direct suppcrt of classwork in both <he
Information Systems course area and in tha2 Computsr Sciernce
course atea. In particular there are ssven courses irn which
the labo-atory can be made an integral part of :the course-
work and to which the 1laloratory represents a significaz<
improvement in facilities, Each of these courses will be
discussed in detail below. It is recognized that the use of
a physically srall laboratery to assist in t2aching classes
with sometimes as many as 40 studernts or more may be fraught
with problems cf crowding and scheduling clashes. However,
the fact that ths laboratory is available to the user
twenty-four hours a day, seven days a week, all year long,
significantly reduces the rroblem of crowding and scheduling
to a lesser problem of having some users com2 to the labora-
tory at unccnventional howurs. As discussed in the ini<ial
chapter, the motivation of the students at NPS is high, and
the paturity cf the students makes it possible to accept the
smallness ¢f +*he labcecratcry and still use it as a primary
+esaching aid.

The lcwes* level course to be supportad in the labora-
tory is IS 2000, Iptroduction to Computer dapnagement.  The
NPS Ca*alogue [Ref. 12] states that this course covers the
clementary hardware and software concepts of Computer
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Maragement. In IS 2000 the laboratory can be used to intro-
duce *o the ncvice student the various terms of - data
processing, with a chance for the student to actually see
and use ccmputers for perhaps the first time. The equipment
in the latoratory tha*t might be used very well in this
course includes the Digi-designer, the SDK-85, the Prompt
80, the Hea*h 8 micrcomputer, and *he Heath 89 microcom-
puter. Althcugh <the instructional material for thcese
devices may well be mcre advanced than the studen+ needs at
this 1level, the devices can be used to intrcduce +he
concepts cf registers, memory, storage dzvices and amedis,
hexidecimal, <c¢ctal, and tinary arithmetic, busses, CEU,
"chifpe", etc.

The IS 3100 couzse, Survey of Contemporary Computer
Systems, has as patt of its course coverage the comparison
of microcomputsrs and their price and psrformance character-
istics. Wish *he Heath 89 as a demonstration of a rela-
tively advanced 8-bit machine and +4h2 USCG system as an
example of a +typical 16-rkit systenm, +he laberatory can
demonstrate the change in per formancz and price which
occurs acress this range cf computers.

Is 3220, ccmputer C2anter Operations, was designed to be
taughkt using the W.R. Church Computer Center as a training
site for the student to actually manage a large systen.
However, «ith the recent ins*allation of the rew IBY 3033
eguipment a* the Center, that arrangement has been elimi-
nated. In its place, the laboratcry can be used to simulaze
a large ccmputer center. All the roles in a typical large
center can te emulated in the laborzatory, and problems
placed before the students to solve pertaining to allocaticn
of assets and priorities, production scheduing and cont:zcl,
operational grccedures, and computer performance evaiuation
can all be taught through simulation. The use of the labo-
tatory in this way is virtually open-sndad. Its success
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depends entirely on the response of +he students and the
inventiveness of the simulation designers. .

Applicaticn cf Database Napagenment, Is 4183, can be
assisted in this labcratcry in both the us2 of microconm-
puting in datatase management and in the <eaching of rela-
tional datalbase management <csystenms. The labcratory has
CONDCR (tm) trelaticnal data base management software avai-
lable for the studant to experimen% with and actually see a
datakase systenm at wcrk. I+ is possible <that problems in
datatase design cculd be given with +he assets of the lato-
ratory availakle for the studen*t o use in %*heir soluticn.
In additicn, «rcle playing could aiso be used to demonstrate
to the students the functicns of a database administrator in
a simulatica environmant.

The final Information Systems course to be supported
directly is IS 4185, Computer-based Information Systems. In
this course the studant is presently raquired <o prevare a
small decisicn support system for part of the course credit.
The laboratory can be¢ used as a resource for that projecre,
as well as a demonstration site for microcomputer-basad
dscision support and management information systems.

In the Ccmpter Science course area, there are =two
courses that the laboratory could support. One of *tkese is
Cs 3010, cComputing Devices and Sys*ems. In this course the
student is <=aught computing at the bits and bytes level,
with emphasis c¢n the hardware and <the interconnections
between hardware, rather than on software. The
Digi-desigrer, 1lcgic traiper and both the Prompt 80 and the
SDK-85 will te significant teaching +tools in this course.
The lower level devices can be used to teach the ccncepts of
logical circuits, while *tbhe SDK-85 and Prompt 80 can be used
to demonstrate the effect of clock pulses, +iming circuits,
and data transfers. In the latter part of the course, the
Heath 89 can ke used in +tke final integration of the lecgical
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training ard tc help the student see that the prirciples cf
the lcwer wmachines apply equally to the higher. -

Finally, CS 3020, Software Design, can use *the labora-
tory as an asset with high 1level languages such as FORTRAN,
COBOl, etc., tc assist the student in the dasign of software
that meets the currently accepted criteria of modularity,
changeability, etc.

B. HARDWARE ELANS POR THE LABORATORY

Most cf the initial equipment has already been installed
in the 1lakcratory. However, several pieces of equipment
will te ordered, or are at NPS and not installed. These
include a BHeath & microcomputer to be used with “h2 Hea+h 9
terminal, an IEM Perscnal Computer, an Apple micrccomputer,
a microcomgurer developmert system, a small 1local ne+work
and a micrcccamtuter interfacing systenm. In addi<ion, mcre
software is t[planned, including some of the more recently
developed =2lectronic spreadsheets, some other database
management systees and perhaps different opsrating systeas.
With the state cf the ar+*+ in microcomputers in such fluy,
the present plans are to remain flexible, and to add to the
laboratory wktatever hardware and software seems +o be
gaining acceptatility in the Depar*ment of Defesnse (DoD) as
a whele, with a view tc keeping the student and faculity
abreast of thcse developments,

C. CONCLUSICN

The lakcratory has been a long time in development, and
during its development technological changes have provided
nevw cpportunities for upgrading its technical capabilities.
However, now that the labcratcry is a reality, 3it will be
maintained wi+k the latest in hardwvars and sof:ware, and
should be used by +he faculty and students of NPS £o:z
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research tc tenefit the D¢l as a whole. That use alcne will
justify its existance, tut the more important uss of the
labcratory is ir ¢the instructional nmode, +0 reduce the
nystique c¢f cceputers mentioned in Chapter 1, and to provide
to the Dol Information Systems specialists who can bridge
the communicaticns gap tetween the <technician and the

manager.
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Section 1
DD~1 DIGI-DESIGNER

1.1 IBIBODOCTION

This series of instruction is designed *o teach the
reader to understand and to design logic circuits utilizing
the DC~1 Digi-Designer and logic components. A review of ¢the
kasic mattematics requirements is also provided.

1.2 =1 DESCRIPTICH

The DC-1 Digi-Designer, produced by E & L Instruments
Incorporated, 1is a complete digital circuit design instzu-
ment that will meet your requiremeants for Jdigital circuit
design laboratory experiments. It will handle becth
Integrated Circuit (I0) and discrete components withcut
scldering: <connecticns are made using any 22 gage insulated
wire. Tte unit includes a <r=2gqulated 5 volt (+S5V) direct
current power supply, a selectable frequency clock (pulse
generator), dual bcunce-free pushbuttons (pulsers), four
switches for applying voltage or ground as raquired, fcur
Light Emsittirg Diode (LED) logic lamp momi“*ors, and “he SK10
universal ccmponent sccket.
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1.3 SK=10 SOCKET DESCRIPTION

The SK10 socket is basically a amatrix of 64 pairs of
common ccntacts (5 per strip) arranged syametrically;
combined with 8 buss strips running along the lengtk cf the
socket (40 contacts fper strip). The socket allows the user
to insert all electrcnic components required for the experi-
ments with lead diameters up to 20 gage wire. For very
large components, the E &§ L Bp24 adaptar pins, which accept
leads up tc 16 gage wire, should be used. When inserting DIP
ICs, e certain to preset the leads at the correct spacing.
Insert cne side partially in, then roll the second s<t of
leads into the other side , th2n press squarely down seating
the IC gprcperly.

1.4  BANDAL DESCRIRTION

This manual is primarily an adaptation of the notes and
labs for the Hewlet: Packard HP 50357 Lc¢gic Lab as taught in
the EE-2810 course at KPS. The manual contains some useful
review infcrmation ¢n binary mathematics, 1logic design,
Karnaugh Mags, theoxry behind £1lip-flop circuits, and some
specification sheets for TTL ICs. Following the review
informaticn, ycu will find five laboratory sxperiments that
should prcve helpful in making use of <+he Digi-Designer to
conveniently design, assemble, and *est relatively complex
circuits, without soldering, and in only a fow minutes. It
should be ncted that since the advent of 1large scale inte-
graticn, the types cf design involved in these experimen*s
are not the main ccncern <cf computer system designers;
however, these experiments can be very useful in learning
+he tasic ccncepts involved in logical arnd digital circuis
design.
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1.5  GENERAL LABORATCRY INSTRUCTIONS
If you desire to make notes of experimental results cr %o

answer the questions contained within the experiments,

please oktain a copy cf the experiment you wish to perfera.

DO NOT WRITE ON THE EAGES WITHIN THIS MANUAL!

Be sure tc inventory all of the Digi-Designer equipament when
checking the equipment in or out. An inventory sheet and the
components necessary for completing +he experimentz are
contained in this manual follcwing the introduction.
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‘.6

QUANTITY

ITEH

DD-11 DIGI DESIGNER

POSITIVE

POSITIVE

POSITIVE

POSITIVE

POSITIVE

6

EQUIEMENT INVENTORY FOR DIGI-DESIGNER LAB EXPERINENTS

NAND GATES

NOR GATES

AND GATES

OR GATES

XOR GATE

DUAL JK MASTER/SLAVE FLIP-FLOPS

DUAL D TYPE EDGE TRIGGERED FLIP-FLOPS

TRIPLE 3-INPUT POSITIVE AND GATE

DUAL U4-INPUT NAND GATE

BCD~TO-DECIMAL DECODER DRIVER

MANUAL

7400 QUAD 2-INPUT
7402 QUAD 2-INEGT
7408 QUAD 2-INPUT
7432 QUAD 2-INPUT
7404 HEX INVERTER
7466 QUAD 2-INPUT
7483

7474

7411

7420

7442

7482

2-BIT BINARY FULL-ADDER

330 OHM RESISTORS (1/4 WATT)

ALLIGATOR CLIP JUMPER LEADS

IC EXTRACTOR CLIP

ASSCRTED PIECES #22 WIRE
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Section 2
BINARY MATHEMATICS--TWO'S COMPLEMENT ARITHMETIC

For purpcses of the followirg example, wve will wuse a
reagister length of four bits. Three bits are necessary to
represent the numbers zero through seven in binary form and
the additioral bit is used to rapresent the sigr of the
number, whether negative or positive. The left-nost digit
is the most significant digit (MSD) and the right-most digi*
is the least significant digi+ (LSD).

Most Significant Digit{~--~-=-==--=--->Least Significan® Pigit

(MSD) ~-~-=>| a1{ A2| A3} Au{<----(LSD)

[ 3 2 1 0
weighets====> 2 2 2 2

The tinary representation for -8 cthrough +7 is as follcws:

7 0111
6 0110
5 0101
4 0100
3 0011
2 0010
1 0001
0 0000
-1 111
-2 1110
-3 1101
-4 1100
-5 1011
-6 1010
-7 1001
-8 1000
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Notice that a&all negative numbers have a MSD of value 1,
This bit is known as the sign bit.
Note also, that A + (-4 = 0.

FPor examgle, 6 0110
+(-6) +1010

0 1 <===- 0000

In this case, th2 1 carried out of the register is lost
leaving 0000 as the {correct) result of the calculation.

The largest possiltle positive nuaber is 0111 = 2 - 1

k=1
(in general, 2( l1, where k is the register length). The

negative number with the greatest magnitude is 1000 = -2

z(k' 1)

(ia general, -( ).

It is easy o see, by example, <+hat to complement a
binary number (i.e. tc chanpge it's sign) we have only to
complement every bit (four in the example above), and add
one to the result. Pcr 2axample:

6 = 03110
-6 = =-0110 = (1001 + 0001) = 1010
vhere 1001 is the bit by bit complament.

Tha result is called the two's complsemen=. (The bit-by-bit

€

complement is called the one's complsment.) The process
for foreing either cne's or <¢wo's complements is 2asily

implemented in computer hardware.
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2.1  BINARY ADDITION

Twc binary numbers are added (as in the above example)
just as one would add decismsal aumbers, except that vwe use
the Ltinary "“addition tables",

BINARY ADDITION TABLES

0 0 1 1
20 1 x0 41
0 1 1 1
Howaver, because of the £firite (4-bit) register length,

+tere are five cases we must consider. TIllustrations of the
five cases are given cn “he following page.
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10
----------------..---3 ............................ 5 .........
A (a) A,B > 0; (A+B)< 2 -t (b) 4,8 > 0; (A+B) > 2 -1 )
0011 3 0011
+2 +0010 +6 +0110
5 0101 9 1001
Overflcw
......................... R L P Y e e T T
3
{c) A>0; BXKO (4) A, B< 0; (A +# B) > -2
3 0011 -3 1101
+(-6) +1010 +(=-2) +1110
-3 1101 -5 1<=== 1011
Overflcw canpot cccur Carry-out is lost;
when A and B have 4-bit answer is
cpposite signms. correct.
........................ v ccr s Te et Cc e cea T oo - - we - we o
3
(¢) 2,8 < 0; (A+B) < -2
-3 1101
+(-6) +1010
-9 1<=== 01 11
Carry-out is lcst;
Overflcw ccndition;
Ccrpare vwi*h (d).

e s W B G EEDE @ e s W TP D WD W D D D P W D D =D WD D WD W D W WD S UD D W W W WD W W W W W W un e e =

Clearly cases (b) and (e€) lead =0 erroneous 4-bit answers.

We say that overflow has cccurred. Computer hardwace (a
logic circuit) must ke used %*o detect “his condition.
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2.2  BINARY SUBIRACTION

Tc ccmpute A - B ve actually calculate A ¢+ (-B). Th=zt is,
we take the 2's coamplement of B and then add. The additien
hardware is unchanged -- includirg the overflow indicaccr.

2.3  BINARY MULIIPLICATION

One methcd for accomplishing multiplicatien could te by
repeated addition. This method wculd be very siow for lacge
numbers. An alternative is to use the shift-and-add-me+thcd.
For exampla, consider the unsigned binary multiplicatien of
the decimal problem 11 x 13 = 13, The binary cepresentation
for 11, 13, & 143 is 1011, 1101, & 10001111 respectively.
The mul=iplication is performed as follows:

Set memory c=1l for C equal to ze€Io
1011=A
x 1101=B
--;5;; B =1, so add A to C (C pravicusly zero)
0000 B: = 0, so shift A but don'+t add to C
1011 82 = 1, so shift A and add to C
-1911___ 83 = 1, so shif+« A and add to C
cC = 10001111
The product is now in memory cell fcr C

We can detect a 1 (or a 0) in each successive digit of B
bty ANDing B with a shiftirg MASK. Thus,

E { MASK
-;;5;-‘:--665;-- ¢ 0, so B0 = 1 Initial mask = 0001
1101 e« 0010 = 0, so 51 = 0 Yask shifted lefs
1101 < 0100 # 0, so 82 = 1 Mask shifted again
1101 « 1000 # 0, so B3 = 1 And agairn
51




Section 3
LOGIC DESIGHN

3.1  INIEODICTION

Our objective is to develop procedures for the design of
logic networks which will perform specified 1logical tasks
(¢.g. tc turn on a light in your home from =2ither of two
switches).

3.2 §HIICBING MLGRER

The tasis for such design is Boolean algebra (1847),
which was applied tc¢ switching circuits ia 1938. You will
already agprsciate, fc¢r exaaple, that

Ingut Qutput

0
1 1 X
1 b-—o}/
0 1 2
1 1 + ®

all represent "lcgical addition" o- the "OR switching ofpera-
tion". (An cpen switch is a "O"; a closed swisch is a "1v,)

So our first task is to postulate the properties of
switchiag algebra (vwhich is ore possible Boolean algebra).

52

—




113
We postulate that each variable can taks only two valuzs, 9
cr 1, and tkat the fundamental operations are nega<%icn,

logical sum, and the lcgical product.

NEGATION ICGICAL SUY LOGICAL PRODUCT

X X I Y ZeXeY X Y  Z=XeY
0 0 0 0 0 0 0
0 0 1 1 0 1 0
10 1 1 0 0
i Il 1 U 1

J
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4 From these
1 proven:

! +X =

e X =

+ X =

e X =

+ X =

e X =

K41 =X+ X =

] ;.X: 0;:

X -

g + Y =

« ¥ =

X + (1 +7) =

x ¢ (Y 2y =

X+ (XeoY =

I o (X N =

X o (Y +2) =

(X+1) o (X Q) =

x+(; n =

x.(; =

postulates

Y + X

(X +Y)

(X » 1)

the following
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theorems may be

M
(2)
(3)
4)
(5)
(6)

M

(8)

9
(10)
(an
(12)
(13)
(14)
¢15)
(16)

(17

(18)

19)
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Problenm 1
Use truth tables and the postulates to prove
(i) Theorem (1) above,
(ii) Thecrem (7) above,
(1ii) Theorem (14) above,
(iv) Thecrea (17) above.

Problem 2
Show the switch arrangement corresponding to:
(i) X e« Y (Hint: See the diagram for X+Y above.)
(ii) 1 + X (What switch position correspdnds to 12)

(iii) X + x.

Brobles 3
Use switch diagrams tc show that X+ (XeY)=X

Finpally we can list two theorems due %to DelMorgan:

X ¢+Y =X oY {(20)

X oY =X ¢ Y% (21)

These too m2y be proved with the help of truth tables. They
are easily ext2nded tc more variables; e.g.

X + Y ¢+ 2 = XY o Z,

3.3  SPIICHING FURCIIONS

Consider the statement,

P = ABC ¢+ A(B + C) + A

We say that P is a functjon of the three variables A, B,
and C. (A, B, and C are "input" or "independent'" variables,
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each cf which can *ake on the values 0 or 1 independently of
the others.) Por any combination of values of 4, 3, _and C
(2.9. 1 0 1) ve could evaluate the value of “he func+ion, F.

A switching functicr is a (boolean) algebraic statasment,
and, like any cther algebraic expressior, can of+*en be
simplified by applying the appropriate theorems. For
examgle,

(*We will omit the “e" which represen*s the AND operaticn)

AD + AB ¢ AB = B(A ¢ A) ¢ AB (Theorem 16)
= ;1 + ;B (Theorem 7)
= ; + ;B (Theorsem 4)
= ; + ; (Theoram 18)

Let us row draw a logic circuit corresponding to this
switching functicn, bcth before and after siwplification.

A -
A AB

=
B
B J(>G —/aa __E>'1=_'

O

4

wm
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17
Clearly we lave savad three AND gates.

Eroblen 4
Simplify the circuit even further, by using a NAND gaze.

Eroblem 35
Apply the rules (thecrems) cf switching algebra to simplify:

WXYZ + RXYZ + WXYZ.

Then draw the 1lcgic circuits for the given ard the simpli-
fied logic functions.

Problem 6

Simplify ABC + A (B + C} + A. Check your result

by completing the fcllowing truth table.

I
2 f = =% =
A B C E+ C A(B + C){ ABC A F
0 o0 1 0 0 1 1
1 0 0 0 1 1
0 1 1 0 0

Pzobles 2

Use the rules (theorems) of switching algebra to show that:

AB+ AB= ABS+AB
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18
i) Ycu may work cn either cr both sides of “he equation
algetraically until you get eguality between leftr ard right
gides.
(1i) There are many ways that you could do this.
(iii) One hint, vhich makes it easier tc apply the very
useful DeMorqan theorems, is to complemen*t both sides of the
equation:

A B+AB =AB¢+AB

Then start algebraic manipulation according to the rules.

{(The left-hand side tecomes simply A B ¢ A B, while you can
apply DeMorgan's thecrem tc the right-hand side.)
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3.4  LCGIC SRECIFICATIONS

Often the logic specifications will be in the fcra.cf an
English language statement describing the desired objective.
For examrle,
O enocrat1 desert jsland, three people, and
decgde to i a_vo* ing uichgne. PIRE 18 pu‘e are A,

B, (whi vlll be for a yes vote and for a no
vota) rhe output ayst llght an LED la*ked M_if the
ma czz*y vote es and must ligh% an_LED marked U (as
well as™¥) if €y vote yes unanimously.

Broblem 8

Complete the truth tatle for this device (three input varia-

tles A, B, and C, and two outpu* functious ¥, and U).

Inputs Outputs

QS O O ™

- O O m

O a2 O 0O
o
o

As arcther example of a performance specification, consider
the fcllcwing.
The seat~-belt interlock system_for a +twg-seat autopo-
Eile 1= to revent starting unless *he driver and the
passenger (i yL are buckled 1in. The s*tate of +he
fassendger's seat- elt is to have a0 effect if there is
0o pasfenger
The first step in setting up the «ruth table is the defi-
nition cf the appropriate variables. Here, for example,
W =1 if there is a passenger,
W = 0 if no passenger
B. azd B = 1 if seat-belts on,
B_ and Bp s 0 {f seat-bel*s not connected
]
P, the cutput function, aust be 1 if the car is to be
allowed to start.
Brobles §

Set up =he truth table for this seat-belt in<erlock systaon.
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3.5 IEFLEMENTATIION OF A LOGIC OR SWITCHING PUNCTION
Given that we have obtained a truth table corresponding
to the 1cgic specifications, <the next step is to design an
appropriate logic circuit. Here we will demonstrate scme
systepatic agproaches to this problen.

3.5.1 The Sum-cf-Products Form of the Logic Function
Suppcse that+t we have obtained the following truth table
(logic specification) for some systam.

A B C F COMMENTS

0 0 0 0 (i

0 0 1 1 |[<-- ABC = 1 only when a=0, B=0, C=1
0 1 0 0

o 1 1 0

T 6 0 0 -

1 0 1 1 |<-- A BC =1only vhen A=1, B=0, C=1
1 1 0 11<-- A BC = 1 only wher A=1, B=1, C=0
1 1 1 0

Looking at the rcws with 1*s in the F column, we can cbvi-
ously make the statesents in the Comments column. It thern
follows that

F=ABC+ABC+AaABC

will be 1 crly if A =0, B =0, C=10r i£A =1, B =0,
C=1o0r if A= 1, B =1, C = 0. That is, the expressicn for
P, atove, will have the same truth <able as does F in the
logic specification.
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Problenm 10

Obtain the truth table for F = ; E C + A E C +148B E, -
and confirm that it agrees with the table above.

A logic function in the form of our exanmple,
F = K B C + A B C+ AB E, is for obvious reasons called
the sum-cf-products fcrm of the logic function. If ycu now
reread tke present section you should have no difficulty in
seeing that the suwm-cf-prcducts form of F can always be
written dcwn by inspection of the truth table.

Nctice, particurlarly, that aithough we looked at only
three rows cf the above truth table (those rows for which
F= 1), the resulting sxpression fcr P is correct for any
combirazion of values of A, B, and C., (We made sure that
F= 1 for the proper three cases only, and so F raturally

tcok the only o+her possible value, 0, for all the cther
cases.)

Problem 11

Obtain the 1logic function in sum-of-products form for the
following system (actually an XOR gate).

A B F
0 0 0
0 1 1
1 0 1
1 1 0

Pzoblem 12

Obtaia the sum-of-prcducts form of tha logic functions M and
U in *he vo+ing wachire exaample (Problem 8).

Broblem 13

Repeat the sum-of-prcducts form for the seat-bel+t interlceck
systes (Problem 9).
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3.5.2 splementaticp of the Sum-of-Products Logic Function
Having found that

F=ABC+ABC®ABC

for the +ruth table at the start of this section, it is easy
toc see that the AND/OR/INVERTER implementatior is as

follcus.

A B C

Actually, this sums-cf-prcducts functior can be simplified
by Boclean algebra or by Karnaugh mapping (discussed later).
That is,

F=AEC+ABC+AEC=BC+ABC
This is also 2asily inplemented, with some saving of gates.

Broblem 14

tarting with the sum-of-products logic functions, olktain
the ANL/OR/INVERTER implementations corresponding to
Problems 11 and 12. Crtionally, for Problam 13 also.
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3.5.2.1 NA¥D Gate Implementation
Scacetimes it is convenient to use NAND gates only. (We
will see in the next section how to use NOR gates ozly.)
Consider the follovwing manipulation.

F=ABC+2AaABC+ABC

m
"
o
w
(9}
+
[
o
Q
+
F 4
[+4]
O

(complemen* both sides)

"
]
o
(@]
°
p=
o
(@]
°
o
o
(@]

(DeMorgan's theorenm)

C (complement theoren)

m o)
n
g
]
-
w
Q
[ ]
b
w
(g}
'
o>
w

We can recognize A B ¢ as a NAND operationm on A, B, and C.

Similarly €or A B C and A B €. Then the entire 2xpressien

may be thought of as F=aebec

Anich is a NAND operation ona =A B C, b =A B C, ¢ =A BC.

A B C

[ 4
h—;l17 f:lj S e NAND Gate Invertars

ABC )F
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It then fcllows that

F= (A+E+C)(A+E+C)(A+B+C)(a+B+C)(a+ B +0

will te 0 ifA =0, E=0, C =0 and if A =0,B =1, C =0
and if A =0,8B=1,C=1, and ifa =1, B =0, C =0 and
if A =1, B=1, C = 1. That is, “his produci-of-sums logic

function, F, will have the same truth table as does F in the
logic specification. (F will b2 0 for all the above listed
values of A, 3, and C only, and must *herefore be 1 for all
cther values of A, B, and C,)

Problem 12
Obtain *the trath table for

P=(M+E+C)(A+E+C)(A+B+C)(A+B+C)(A+B+Q
ard confirm that it agrees with the table above.

If ycu ncv reread the present section, you should have ro
difficulty in seeing thaz the precduct-cf-sums form of F can
always be writter down by inspection of the zruth takle.

Notice that although we looked at only five rcws cf the
above trut:k +tabla (those =rows £for which P = 0), the
resulting expression for F is correct for ary ccmbinatica of
values of A, B, and C. Note, *too, that by comparing and
combining the present result with <hat in the first section
we have incidentally shown that

P = AEC + ABC ¢ ABC = (A+B+C) (A+B+C) (A+B+C) (A+B+C) (A+B+()

emphasizing that there are, in general, many alternative
ways cf writing a (Bcolean) algebraic logic function.
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Broblem 16
Obtain the 1logic function in product-of-sums £crm for the
following system (an XOR gate again). ]

—
A B P
0 0 0
0 1 1
1 0 1
1 1 0
-

Ezoblem 17
Obtain the product-of-sums fora of the logic functiomns M and
U in the voting machine example (se2 Problem 8).

Ecoblenm 18
Repeat, fcr the seat-telt interlock system of Problem 9.
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3.5.3 Isplementaticn of the Product-of-Su
Having found that

I

F= (A+E+C)(A+ E+C)(A+B+C)(A +B+C)(h + B8 +0)

for cur exampls systen, it is easy to see +that the
AND/OR/INVERTER implementation is as follows.

A B C

=

A ¢B o C

1 \\A+B+C
e N
1 T\ A+B+C
ti””

1 \\A+B+C = F
! o )

\ =Y ;+B+C r
L

1 \as8+C
J

Actually, this product-of-sums functioan can be simplified by
Bcolean algsbra or ty Karnaugh mapping (discussed latar).
That is

F= (A+E+C)(A+ E+C)(A+B+C)(A+#B+C)(A+B+0)
= (B + C)(B+ C)(a + C)

This is much more easily isplemented, with a considerabls
saving cf gates. (We would need two inverters, three 2-inguc
CR gates, and one 3-input AND ga%e.)

Pzoblem 19

starting wi+h the ptrcduct-of-sums logic functions, obtain
the AND/OR/INVERTER implementaticns correspondiang to
Problems 16 and 17. Cptionally, for Problem 18 alsc.
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3.5.3.1 ROR Gate Iesplementation
Sometimes it is convenient to use NOR gates only.
Consider the following manipulatien.

(A+ E+C)(A+ E+C)(A +B+C)(A +B+C)(A+B + 0

e
[]

- o - - - - - - -

(A + E+C)(A+ E+C)(A +B+C)(A+B+C)(RA +B +C)

o
"

(R4E+Cy + (A+B+C) # (A+B+C) + (A+B+C) ¢ (A+B+C)

F = F = (A+B+C) 4(A+B+C) + (A+B+C) + (A+B+C) + (3+B+C)

which you should recognize as a NOR op2ra%ipg on &ach of the
tracketed quanti+ies, each of which ia <+<urn is a NOR cper-
ating on the three "added" gquantities within the bracke<s,

|A 1B iC
{-==~-=NOR Gate Inverters
Gl YE | e
\ A+B+C
/
} A+;+C
J
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Problem 20
Starting with th2 prcduct~of-sums logic functions,obtain the
NOR gate implementations corresponding to Probleas 16 aad
17.

Revienw Question

Consider a tinary adder, which will add +he nth digit of a
binary numkter A, the nth digit of a binary number B, and the
"carry” intc the ath position. Let these quantities te:

A s B , and C . The sum, s , will be 1 if any orne cf
t%ese ig g (€T, ifnall three arg 1. The carry to the next

stage, C ko will te 1 if any two or all threa are 1.
n
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1 X 1+ X
1 0 1
1 1 1 i.e. 1 ¢+ X =1

X X {x+x

0 1 1 .

1 0 1 i.es L ¢ X =1

X Y XeoY X + XeY

0 0 0 0

0 1 0 0

1 0 0 1 The last column

1 1 1 1 clesarly equals X.
X Y Z X+Y X+2 (X+Y) (Xx+2) Ye2Z X4Ye?
0 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0
0 1 90 1 0 0 0 0
0 1 1 1 1 1 1 1
1 0 0 1 1 1 ] 1
1 o T 1 1 1 0 1
1 1 0 1 1 1 0 1
1 1 1 1 1 1 1 1
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1+ X X+ X
One switch One switch
permanently opens as other
Cclosed. closes.
3. X ¥V
1 .
—_— 4+—— Diagram for X+ (XeY)
e gl
X X
This is equivalent 4o a short (1) when X = 1 (closed)
and to an open (0) when X = 0 (open)
So the combinaticn is equivalent to X itself
1
4. A
E = L =
F = A+ B = AeB
3 by DeMorgan's theor=zm
T=EX) _}P

(3]
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5. WXYZ ¢+ WXYZ + WX1Z (WX+WX+RX) Y2

[W(X+X) + WX]Y2

(§ +WX)YZ
= (W + X)Y2
There are other possibilities.

) X Y 2

Y|V

) WAYZ
i D w;!z :D

wXyz

s T

Nt < A
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6. BEC + A(B4C) ¢ A = A(BC+B+C) + A

A(B+C+C) + A

A(B3+1) + A

- -

Ae1 + A = A & A =1

The truth tahlzs should show +he function equal to 1 fcr all

eight ccrbipations of A, B, and C.
1.

AB + AB = AB + AE

AP + AB = AB + AE conplementing botk sidss

AE + AB = AB + AEB Theorem 9 and DelMorgan

(A+B) (A+B) DeMorgan

AA ¢+ AE ¢ BA + BB Theor:2m 16

O +# AB ¢+ BA + O Theorem 6
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8.

9.
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s 10. A B C ABC ABC  ABC F -
o 0 o 0 0 0 0
0 0 1 1 0 0 1
o 1 0 0 0 0 0
o 1 1 0 0 0 0
1 0 o 0 0 0 0
1 0 1 0 1 0 1
1 1 0 0 0 1 1
11 0 0 0 0

11. F = AE + AB

12. 8 = ABC + ABC + ABC + ABC
U = AEC

13. (a) P=WB.B + WBB + WB_B
d r d p d p

(b) Your answer will depend or your definition of
variables. Our answver is

F = SDT + SDT + SDT
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,D—I:[>nge+55
B

AB

B
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15. (A B C | A+B+C | A¢B+C | A+B+C | A+B+C | A+B+4C-| F
0 ¢ 0 0 1 1 1 1 0
g o 1 1 1 1 1 1 1
0 1 o0 1 0 1 1 1 0
@ v 9 1 1 0 1 1 0
1 0 0 1 1 1 0 1 0
S R 1 1 1 1 1 1
1 1 0 1 1 1 1 1 1
1 1 1 1 1 1 1 0 0
16. A 8 |F
c 010 o
6 t 41 F = (A+B) (A+B)
1 0 {1
i1 350

17. M = (A+B+C) (A+B+C) (A+ B+C) (A+B+C)

U = (A+B+C) (A+B+C) (A+DB+¢C) (A+B+C) (A+B+C) (A+B+C) (A+B+C)

18. F = (W+B_+E W+B +B W+B _+B W+B +B H+B +B
( a p)( a p)( dp” a p)( a p)
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19. A

37

F= (A+B) (A +B)

) A+B

e N
-

__D_u_

o
Ub%Uﬂ?Q

NOTE gggre is nc need to repeat <the upper four OR gates to

aln

U.
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Similarily for the vcting machine.

Faview Question.

i
) o

A B C S C
n n 1] n+ 1
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 0 1 0 1
1 1 1 1 1

78

38



Section &
KARNAUGH NAPS

Karnaugh maps visually portray the proper+ies of Bcolean
functicns and car be used to systematically simplify the
combinational logic circuits (functions). To start with, we
will assume that the 1logic function to be simplified has
teen put in standard sum-of-products form.

Example: F =42 o [(E+ C) e D] o A
%obgut this in sum-of-products form we set up the truth
a

€e

X BECE B+C | (B+C)eD | [(B+C)eD]Jed | [ (B+C)eD]ed | F
0000 0 0 0 1 1
0001 0 0 0 1 1
0010 1 0 0 1 1
0011 1 1 1 0 0
o 1349 1 0 0 1 1
0101 1 1 1 0 0
0110 1 0 0 1 1
0111 1 1 1 0 0
1000 0 0 0 1 0
1001 0 0 0 1 0
101¢C 1 0 0 1 0
1011 1 1 0 1 0
1100 1 0 0 1 0]
1101 1 1 0 1 0
1144 1 0 0 1 0
1111 1 1 0 1 0
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It ncw fellcws, from *he las%t column, %hat

- ——— —— —— - e = -

F = ABCD + ABCD + ABCD + ABCD + ABCD
There are 16 possible input combinations of a function cf

four variables: A B CD, A BCD, A BCD, A BC Dyasa, Of
vhich only five appear in the sum-of~products expression.
Each possible input ccmbination is calied a minterm.

A Karnaugh map fcr a function of four variables is mecely a
four ty four table of 16 squares or cells, one for each
minterm.

- A

.
P
w
(g}
©

"
-

{
L

T
B 4-——cececmpecccccapmcnm—a= b ————— 4
! { |
| 0 , 0 ' 0 , 0
e et s T tmm————— bmmm———— + D 5
I -
0 l Q I 0 | 1 I A BCD=1
e e l -------- /
l 1 'l 1
l !
) |
- c >
Figure 1

The Karnauch map is a function of four variables (for
example, Figure 1) is divided into regions A, B, C, and D as
shown. This clearly implies the assignment of regions

X, B, E, and B also. Then each cell will correspond to c¢ne
vinterm, whcse value may be entered in the c¢21l1 as in

Pigure 1.

Figure 1 has a "cyclic" structure. If you were to wrap the
diagram arcund a vertical <cylinder, the two isolated E
columns would join and become adjacant. Similarly, if the
pap vwere vwrapped arcund a horizontal «cylinder, the two

89




41

isolated [ colums would join and become adjacen+. The
importance cf these cbservations will become apparent in a
moment.

The next step is to group adjacent 1-cells -- cells
containing 1's. Each group must be "rectangular”, and must
contain exactly 2 1-cellis. That is, 1x1, 1x2, 1x4, 2x2,
2x4,...9roupings are legitimate, a 1x3 group or an odd-
shaped grcup is pnot. It is possible that a given t-cell
will te a member of more than ona group. There will, in
jJeneral, be more than one way *c group the 1-cells. For cur
purposes we will find that we should use <+he larges+
possible legitimate grcups.

-— - ——— e - ——

The five 1-cells ccrrespond to the five minterms in +he
above sum-cf-products expression for the example func+ion,
F. In Figure 2, the 1-cells corrasponding <o the abcve
example have been grcuped (circled). Note that the cyclic
property has been used. The *wo 1-cells in *he top rcw are
adjacent to the <wo 1-cells in the bottom row.
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The grouping €£fccuses attenticn on particular cells. Wit!

With this grouping, we can do nothing with the minterm ABCD,
which appears in a grcup of 1. But consider the 4 @minterms
in the cther group:

s - - e ——yn - -————— - - - — -s

ABCD + ABCD + ABCD + ABCD ABD (C +# C) + ABD (C + Q)

= ABD + ABD = AD (B + B)

= AD

A consideratle simplificaticn! Thus we can now write a more

simplified expressicn for the function F in the example:

- = - - -

F=ABCTC+AD

Actually, the Karnaugh map allows us +*o skip the above
algektra o¢f simplification. ** Note that the 2x2 grcup of

Figure 2 is entirely in the A region and entirely in the

D region. So we can now write down the simplificatien A D
by inspecticn!

Let's exapine the logic behind this "“rule®. Recall tha“ any
1-cell represents a wmintsrm of the function, F. Fcr example,

in Pigure 2 ¢he third cell in the top row represents A B C D
This will be unity when, A = 0; B = 1; C = 1; and D = 0.
Now, surpose you wished to locate *he 1-cells which will
contain 1's wher A=0 apd D=0 regardless of the values cf

B apd C. This describes all the cells in the region ccmmon
to A and E, that is the 2x2 group of Figure 2.

Some cther examples are in order. We will assume that the
functions have bsen put into sum-of-oroducts form, and will
cnly shcw the maps ard the corresponding simplified
functions.
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*

|

]

]

[]

]
—— ———

- - —— -

o —— e —— ] e Y

Ew
p—"

W o e ———

. e e

| | |

| | i?
S
F=AD 4+ A BC

= - - -

| {
-L- - —— -l—-—’--——-+---—-+——-——+—---—+

E——

pmm——— $mmmmmy pececcpeec== LR LS
C
F== A+ B P =BC+A3B
(A f£unction of 2 variablas) (A function of 2 variakblas)

fzgure 3
83



Karnaugh magps can be used for <functions c¢f more +han four
variables, turt those furctions will not be illust:ated_here.
For functions of Ymany? variables, computer-based methods
can ke used.*

Now let us turn to the product-cf-suas fora of the switching
functions. Returning to the exaaple, with its tru+h table,
on the first page of these notes, ve can write dcwn the
product-of-suns form c¢f P by inspection of tha final coluaan:

- - - - - e -

F = (A+B+C+D) (A+B+C+D) (A+B+C+D) (A+B+C+D)

(A+B+C4D) (A+B+C+D) (A+E+C+D) (A+B+C+D)

(A+B+C+D) (A+B+C+D) (A+B+C+D)
Each cf the sums is called a maxterm and corcespords +o a
z3rg in the Karmaugh map.

The maxterm (A + B + C + D), for example, will be zero wken
A=0; B=0;C=1;D =1

The 0-cells orresponding to this max=erm will be
pct in A; ner in B; in €; in D
in the Karnaugk map (see Figur2 4). Not=2 the inversicn!

If ycu ccmpare Figure 2, where tha 1=-cells are obtained f:zom
the sup-cf-produc+ts minteres, with Figuze U4, where the
0-cells follow from the product-of-sums maxtsras, you should
agree that the results are equivalant.

* B. J. McCluskey, Jr., ulniuizat-on of Boolean Func*ion,
Bell Syst. Tech. J., vol g 1417-1444, 1956.

Quine, A way to singll Y Truth Functions, Am. Math.
uonthly, vol. 62, pp. 627-631,
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1 |
B SRR (R — l-- --—:1--—----
| 0 0 0 0 ‘

L R i nh Tl . s s 2 D

0 1 0 I 5 8 . _i

...,..;
———— o A
o

W o — o ———

P ad

The 0-cells can ke grouped as shown, and by inspection,

F = A(B+ D)(&A ¢+ C+ D)
Again, a considerable simplification! Note that if a grcup
is entirely in one region, say A, then the corresponding

term in the Jogical sum is A.

The justification of the inspec*ion "rule" is very similacr
to that given for the minterm or sum-of-products methocd.
You shculd be able tc do this yourself.
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Section 5
INTEODUCTICN TO FLIP-FLOPS

Let us consider a pair of cross-coupled NOR gates as
shown balcw. The inputs are S (sge%) ard R (£esst cr clear),

and the (cczplementary) outputs are Q and Q.

If +he inputs are S = 1 and R = 0, the ocutput c¢f NOR gate
rumber 1 pust be 0; that is, 5 = 0. If a = 0 (and, as given,
R = 0), the output cf NOR gate number 2 must be 1; +hat is
Q= 1. In summazy, a sef input (S =1, R = 0) will set Q

to 1 (and ¢ to 0).
Exercise: Show, similarly, that a reset input (S = 0,
R= 1) will clear Q tc 0 (ard Q to 1) .

The case ¢£ S = R = 0 can be bewildering. ©No lcnger dces
data dictate the state of the outputs Q and a. Dc you agree?
Whenever +this happens ~ and it oftan happens with circuits
containing flip-flors =~ we overcome the difficulty by
postulating an cutput state, say Q = 1 and 5 = 0. Then we
check the validity of the postulate. In other words, we mus+%
check to see if we are violating any of the properties of
the circuit. Here with Q = 1, it follows that *he cutpu: of
NOR gate number 1 must be 0. That is, 5 = 0, as postulated.
Finally, sirce both inputs to NOR gat2 number 2 ace 0, its
cutput (Q), must be 1, as postulated.
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In summary, if scme previous event left (Q = 1, 6 =0,
then the ingut pair S =R = 0 will leave the output state
unaltered. We say that the £flip-flop remains latched in the
set state as long as S =R = 0.

Bxercise: - Show, similarly, that if some previous event

l1aft (Q = 0, Q = 1), then the flip-flop will remain latched
in the cleared state as long as S = R = Q.

In total, the 3input pair s = R = 0 latches the previcus
output stats (no matter whether this is the set or cleared

state) intc the fligp-flop. Consequently, this circuir is
often called a latch.

The input S=RR =1 is undesirzable for two reasons.
Pirst, it is easy to see tha*t the correspording cuiputs are
¢ = 0 and 5 = 0. So we could no longer use tae Q, 5 notation
for *he two outputs. Second, if we wera to change the inputs
from £ = R=1toS = R =0, what would happen? Suprcse S
changes tc zero a little guicker than R. Then we would have
the input sequence S =R = 1--~>(S = 0, R = 1)--=->S = R = 0,
wvhich would clear thbe flip-flop and ther latch the gleared
state. Cn the cther hand, 3if R changss to zero a little
faster than s, then we would latch the set state intc the
flip-£flop. In general, ve won't know whether R or S5 will
change mcre rapidly, and so ve won't know what will hapren

wvhen we swi:ch from S =R =1 to S =R = 0.

In practice, we will call the iaput condition S = R = 1
ambiquous ard aveid it like the plague!

This has been gquite a mouthful. We can put it all
together as in the fcllowing diagram and =able, where Q- is
the previcus sta<e of the RS latch and Q+ is its state after
the specified inputs have been applied.
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RS
Latch

S R Q+ Actiocn

0 0 Q- stays latched
01 1 0 clears Q

1 0 sets Q

1 1] * *

*The ambicuous case will be avoided.

Note that the acticn of this device deperds on histcry -
that which has gcne before. For exaaple; (S = 0, R = 1) will
have no effect if Q were previously set to 0. But from the
same input, (s = 0, R= 1, will change Q fzcm a
previously-set 1 to 0.

This device can be, and often is, used as one cell of A'
Zepory. We can write one bit of data inz the cell by
setting (S =1, R =0) or (S=0, R = 1) and we can hold
(i.e., memorize) the data bit, now represented by Q = 1 or
Q = 0, by setting s =R = 0.

Finally, all +the flip-flops which follow are built up
around tkis basic RS 1latch, and all will be designed to
avoid the ambiguous S = R = 1 input combiration.

Bxercise: See if gyou can complete the <«able of states
for the crcess~ccupled NAND gate latch. Hint: Leave the
first line in the takle until the end.
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ol ]

A B Q+ Action
0 0
0 1
1 0
1 1

*% Answser on nex%t page

89

49



pos

Ansver

f
S R Q+ Action
0 0 * *
{ 0 1 1 sets Q
1 C 0 clears Q
1 1 Q- stays latched

*This is ¢pposite
NOR gate 1 ggch.

Hi

case vwhere S = R _=

case

that is to ke

of th
£ £Re
D is
avoli

90

cross- cougled
s latch
the amblguous
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Section 6
LAECRATORY EXPERIMENT #1

GATES

Sbiectives
1. To become familiar with the operating features cof
the CD-1 Digi-Designer.
2. Tc investigate the operation of AND, OR, NAND, arnd
¥CR gates.

Equipmepnt

1. DC-1 Digi-Designer.

2. One cach of tke following ciccuits:
7400 - Quad 2-Input Positive NAND Gate
7402 - Quad 2-Input Positive NOR Gate
7408 - Quad 2-Input Positive AND Gate
7432 - Quad 2-Input Fositive OR Gate

3. Card shcwing IC pin assignments.

4. Asscrtmen* of hook-up wire.

5. IC Extractor Clip

6.1 USE OF THE DIGI:DESIGNER

The Digi-Designer consists of a +5V logic power supply,
four logic switches, two pulsars, four light emitting dicde
(LED) lamg monitors, a clock capable of generating square
vaves of six differant frequencies, “wo pairs of <erminals
for external connecticns, a BNC (co-axial) connector, and a

breadtoarding assembly.

The terminal next to each logic switch provides access to
+he test signal available at <“he switch. If a swvitch is in
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the +5V (up) position, the corresponding terminal will ke at
+5V pctential (a logical 1); in the GRD (down) position the
terminal will be at ground potential (a logical 0).

Each fulser has two terminals which bhave complementary
outputs; when one terminal is in the logical 1 state (+5V)
the cther terminal ils in the 1logical 0 state (0V), and
vice-versa. When a pulser's button is depressed, the termi-
nals reverse states; when ¢he button is released, the
terminal cutputs retuin to their former states.

Each of the LED lamp monitors will light when a signal
connected tc its tersinal is +5V; when the signal connected
is 0V, the LED is extinguished.

The pulse generator, or clock, produces six
frequencies--- 1 Her%z (Hz), 10 Hz, 100 Hz, 1 kiHz, 10 kHz,
and 100 kHz-—~which can be selected by a rotary switch.

The clcck outputs terminals provide complementary cutputs;
when the left-most *=2rminal is 1logical 1, the right-mcst
terminal is logical 0, and vice-versa.

The BNC connector and the two pairs of jack terminals may
te used t3 rcute signals to or from the DD-1.

The breadboarding assemkly consists of two symsetrical
halves separated by a groocve which runs from left to right.
Consider the upper haif. There are sixty-four vertically
running cclumns each having five holes. The five holes in a
column are connected internally; the columns are all
isolated frcm one ancther. Above the sixty-fcur columas are
four hecrizental sets of twenty-five interconnected tie
points.

In this part cf tle experiment you are *o iInvestigate the
cperation of ¢he DD-1.
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6.1.1 Logic Switches and lamp Monitors
i. Ccnnect one logic switch output connector to cne cf
the lamp mcniter input connectors. 3

ii. Move the logic switch from the +5V¥ to GRD and back
again and note the illumination 1level of the lamp
monitor.

iii. Regeat, using other lamp monitors and cther logic
switckhes.

6.1.2 Pulsers
i. Ccnnect the "1" cutput ccnnector of oane of the rpulsers
to a lamp mopitor and the "0O" output of this same
pulser to anotter lamp menitor.

ii. Note the illurmina*ion 1levels of the lamp moniters;
depress the [pulser switch and again observe <he
illumipaticn levels of the lamp aoritors.

iii. BRepea+t, for the other pulser.

6.1.3 Clock
i. Ccnnect one c¢f the «clock's output coanrectcrs o a
lamp monitor and the cther clock output +c ancther
lazp menitcr.

ii. Otserve the LELs at each of the «clcck frequencies
payinc particular atter*ion to *the 1 Hz <case. Time
+his with your watch. What do you cbhserve?

6.2  IPE INIEGRATED CIRCUIIS

Pick up one of the integrated circuits (ICs). It will
have ei-her 1 or 16 pins. The %“op surface of the IC should
havs two numbers marked on i<. One of them, w#with four or
five digi+s, starting with 74, identifias +*he type ¢f IC.
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(There may be onz2 or mcre lstters preceding this numkter, for
example, LM7432N.) In this course you will use the
TTL-family or 74-series of IC exclusively. The secord number
nmarked on the IC is a manufacturert*s dats code. Since many
ICs wers manufactured in 1974, confusion is a very real
possitility!

Now search out a 7408, a Quad 2-Iaput AND Gate, from ycur
IC assortmant. Locate the "1-end" of the IC, which is
marked by a notch, a small holes, or the like in its surface.
Ma+tch the orientaticn of the top of the IC with the (%op
view) of the 7408 in the pin-assignmen< card (located in the
manual after this tutcrial) . Note that the numbers rur from
the "1-end" down the 1length of the IC and then back tc the
"1-end) alcrng the otter side.

* Turn the DD-1 off.
* Never dc any wiring unless <hs power is OFF. Turn the
DD~-1 ON only vhen you are ready to test a circuit.

* Makz sure that all of the 7408's pins are straight aand
then place iz, "1-end" o the l2ft, so that its pins
Zest gently in hcles above and belowvw the centiral gap of
the breadboard. That is each pin will make contact with
a 5-hole vertical bus. Then, 2a:2)ly ard fizmly gpress
+ha IC down with a slight rockirng motion until +he pins
enter their holes., Continue until +he body of the IC
has come into ccntact with the breadboard.

* §iring errors will be 1less 1likely if you habitually
mount ICs "1-end" to the left,

* Take a fairly =short wire and connect 45V to one of zhe
hcrizontal buses. Leave this bus conaectsd.
It will always te convenient to construct a full-wid+th
+5V tus when working wi+h logic circuits on the DD-1.
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* Construct a full-width COMMON (Grournd) bus in a sisilac
Eanner. leave this bus conneczed.

* locate the Vcc and GND pins for the 7408 from the pin-
assignment card. Connect these pias to the previously-
wired 45V and COMMON buses, respectively. {Use the
S-pin buses into which the appropriate IC pins have
teen plugged).

* Levelop the habit of connecting +5V ard COMMON (GND) to
all ICs before ycu do ary cthker wiring. These connec-
tions are usually omitted from wiriang diagrams, so that
only unvarying habki%t can keep you from error.

6.3  THE AND GAIE

The operation of a (positive-logic) AND gate is defired
by the truth table, Lkelow. That is, both inputs aust be HIGH
(1) tc yield a HIGH (1) output.

AND Gate Truth Table

A 5 Inputs Outpu<
B ] A B C

- - O O
- O - O
- QO O O
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Gates as _shown below. Alsc, connect
14 to +57V.

A Tc logic switch # 1

A 1

«=="\

7408} =

B 2 -

# Tc lo

the power,

(columns A and B in the

you otkserve in column C

(LED on = 1;
finisted.

LEL off =

2-Input AND

C——»To lamp 1
—/'3‘\ \

— = -~ —=Pin nunbers
gic switch #2

and for each pair of switch settings
table below) crecord “he ou*put that
of the table.

0.) Tuzn the DD~1 off when you have

Gate Tru*th Table

Inguts Output
A B C
0 (LO) 0 (LO)
0 1 (HI)
1 0
1 1
96
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6.3.1 A 3:Input AND Gate
A, Make sure that the power is off and than construct a
3-input AND gate from two, 2-input AND gates as shcwn below.

L1
A 1
SK1 : > AeB h
S 3 ' N\ (ReB) eC
c 5 >L?
SHle | G

PSRN AT AR RS o R R
3-Input AND Gate Truth Table
A I%putg L1 = AeB L2 = AeBe(C
c 0 0
¢ 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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C. Turn off <he power and remove the wires from the breaa-
toard. (Ycu can always leave the full-width #5V and conuoN
buses ccnnected, since you will use tham ia every sxperi-
ment.) Then carefully remove the IC using the IC =2xtT2cto:
clip.

6.4  THBE OB GAIE

If at least one inpu*t to aa OR gate 4is HIGH (1) <he
output will be HIGH (1). The operation of a 2-input OR gate
is 1illustrated bzalow.

OR Gate Truth Table

a e Inputs Output
8 A B C

C=A4A ¢8B

- - O O
- O - O
- o - O
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A. Inssrt a 7432 quad, 2-input OR gate into +he Lrezd-
toard. Connect 45V and COMMON. Wire one of *he OR gates as

shown belcw.

Tc logic switch # 1

C —» To lamp 1

Tc logic switch #2

B. Turn on the power, and for each pair of switch settirgs
(coluans A and B in the table below) record the outpuyt that
you ckserve in cclumn C of the table.

2-Input OR Gate Truth Table

Inguts output
A B C
0 (LC) 0 (LO)
) 1 (HI)
1 0
1 1
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6.4.1 A 3-Input OR Gate
A, Make sure that the power is off ard then «construct a

3-input CEK gate from two, 2-input OR gates as shown belcw.

L1
A
A 1
S A+B
B 2 b 4
suzm———ﬁ\ (A+B) +C L2
SW3e - 6 "

t the switches as shcwrn ir +he

B. Turn on the DD-1 se
eccrd <he outputs that ycu cbserve.

table below, and ¢

3-Input OR Gate Truth Table

Infuts
A B C L1 = A+B L2 = A+B+C
0 0 0
0 0 1
0 1 0

-

0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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C. Turn off the power and remove the wires and the IC frem
the treagdtoard.

6.5 THE NAND GATE

A. Complete the following circuit diagram showing heow you
could test one of the 7400's NAND gatas. Show pin numbers
and switch and LED ccnnections.

[___:}*——*

E. Elug in a 7400 and wire it acco:ding 0 your circuit

diagranm. Then test it, ccmpleting <+he following table as
you dc sc.

2-Input NAND Ga*te Truth Table

Inruts Output

A B c

0 (LC) 0 (LO)

0 1 (HI)
1 0
1 1
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6.6  THE NOR GAIE

Repeat the preceding procedure, using a 7402 NOR-gate.
Draw tke circuit diagram (showing pin numbers, etc.) and
draw up and complete a table for your test results.

6.7  INYERTERS
a. Use the DD-1 to ottain the truth tables for
1. A 7400 NAND gate with its two inputs ccnnected
tcgether, and
2. A 7402 NOR gate with its two inputs connec<+ed
tcge+her.
(Draw your circuits diagrams, first, showinag pin numbers.)

NAND-Gate Inverter NOR-Ga+e Inverter

Inputs Output Inputs Output
Ap= B CP AP= 2 CP
0 0
1 1
112
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6.8 AN CPTIONAL DESIGN PROBLEN
A Ccnsider the following logic function
X = ABC + ABC + ABC + ABC

a. Simplify the fumction

E. Ccnstruct a truth table.

c. Lesign a logic circuit (using the ICs inves+“igated

in the lab) tc realize this functior.

B. Wire up your circui« and verify +that it actually satis-

fies the funcrtion.

This lcgic function gcap be simplified <o <he point where cne
requires cnly two separate ICs and five gat*tes, Ipncluding
those used as inverters. (I+ is ot =2ssential that you
react this degree of "perfectiom".)

Attach a separate page showiang your wcrk and r2sulis.
nclude the circuit diagram with pin cornectioms.
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Section 7
LAECRATORY EXPERIMENT #2

THE XOR GATE, FULL-ADDERS AND HALF-ADDERS
1. 1T¢ design and test several realizations of an XCR
gate.
2. Tc design and test half-adders and full-adders.
Equipmernt
1. [CL-1 Digi-Designer.
2. The follcwing integrated circuits:
- 7400 Quad 2-Input Positive NAND Gates
- 7402 Quad 2~-Input Eositive NOR Gates
~ 7404 Hex Inverter
- 7408 Quad 2-Iaput Positive AND Ga*e
- 7432 Quad 2-~Input Positive OR Gate
- 7486 Quad 2-Input Positive XOR Gate
- 7482 2-Bit Binary Full-adder
3. IC Extractor Clip.
4. Assor-ed hock-up wire.

- ed b e = NN

S. 1C rin-~assigrment card
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7.1 IBE EXCLUSIVE=CR GATE

An EXCLUSIVE OR (XCR) gate functions so that its cu=gpu*
is 1 whenever an odd number of inputs is 1, otherwise its
output is 0. The truth table for a *wo-input XOR gate is
shown below.

Inputs Outpuot
P ¢ 2

tc o 0 X
z = 2
e - ] > - 1
1 0 1
1 1 0
A. Mark pin numbers on the above diagram correspcnding to

the 7486 XOR gate. Connect Vcc and GND to +5V and COMMCN;
connect tte inpu*s tc logic switches; and “he output tc a
LED mcnitor. Test the 7u86's logic: does i+ agree with *he
above truth table?
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B. Cesign a sum-of-products r=alization of “he 2-irput XOR
gate using AND, OR, and NOT (invertar) logic. Draw <he
circuit Lkelcw or orn separate paper. (It will alwais be
helpful to include pin numbers and, of course, <the numbers
of the ICs.) Then test the circuit using *two logic switches
and a LEC. Put your data in a +txruth taktle. Does the latter
agree with that given for an XOR gate above?

C. Repeat the preceding exercisz, but use only NAND gazes
(IC 7400).
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D. Design a product-of-sums realizaticn of *the 2-irnpu+* XOR
gate using AND/OR/INVERTER logic. Draw the circuit and zes*
it tc cbtain its tru%th table. Does ths latter agree with *he
given truth table for an XOR gate?

B Rapeat the preceding =sxercise, bu* use only NOR gatzes
(IC 7402).
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7.2 THE BALP-ADDER

———

A half-adder has cnly two inputs, A and B, and thus dces
not include any carry which may have resulted from adding
together less significant bits. The outputs of the half-
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